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Abstract 
It is well known the potential and the convenience of using Monte Carlo (MC) simulation to forecast projects’ execution 
results in other to define and adjust its roadmap. MC simulation has great capabilities for project management solutions, and 
enough margins to be extended in terms of evolving the simulation model and offering better data mining of the results 
generated, in order to facilitate Project Managers (PM) labor. In this paper is expose some of the functionalities that are 
being studied in a wider research based on exploring advance capabilities of MC simulators for project management. For 
this purpose, a practical example is studied to show explicitly the benefits of the development. 
© 2013 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of 
CENTERIS/ProjMAN/HCIST. 
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1. Introduction 
In the past few years there has been a boom not only in the interest awakened by the MC method [1][2], but 
also in the various business solutions developed by various companies. There is no doubt about the possibilities 
that MC is able to offer to PM, but even though there are some horizons to be explored in the scope of the 
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simulation model inputs, such as deeper integration of costs and their interaction with the whole model, and the 
data mining of the generated results [3]. 
Regarding the second aspect studied, the data mining, in the framework of the ongoing research (Exploration 
of advance capabilities of MC simulation for project management) it has been observed that depending on the 
nature of the project simulated, the results given by the simulator should be processed and represent in a 
specific way. The reason for this is that although one of the key characteristics of MC simulation is its ability to 
consider the whole spectrum of possible outcomes, this can become one of its main weaknesses, as it can hide 
important and specific results due to overlapping the information in the global results metrics or graphs [4]. 
Does this mean that up to now PM have not been able to do useful simulations of their work? No, but this 
shortage of the simulation platforms offered in the software solutions imply to rerun different simulations 
modifying inputs in order to consider specific information needed. This problem is partially solved as this 
solutions typically allow to compare the information generated in various simulations, but this is far from the 
proper path, because this assumes that all the successive simulations run by the PM to find out particular 
information of relevant conditions (from now on scenarios) will be correctly proposed, and that the comparison 
or addition of the information obtained would lead to a correct interpretation [5]. To avoid this, efforts should 
be made to adapt the data mining of the results, defining when and how specific results processes must be 
considered. In the present paper we are going to expose the need of this functionality in order to achieve robust 
project simulation software, and the motivation of its development. 
2. Exploring the needs of projects for the MC data mining 
In first place, it will be exposed how adapting the data mining of the MC simulator can help the PM to 
obtain richer information for a better project planning. All the project’s information, such as the schedule, tasks 
durations and costs, conditional and probabilistic events, and time and cost risks and constraints are simulated 
using a fully developed simulator for the research, based in MATLABTM (its matrix calculus potential is ideal 
for the task if the simulation model is done with this specific element arrangement [6]), which allows to 
integrate additional modules of any kind (inputs or data mining) to evolve the tool. The basis of its difference 
compared to present simulation platforms is that its implementation of modules and processes is completely 
orientated to generate and treat separately the data. This has been the main issue of its development, as robust 
simulators should have a wide variety of inputs, and possible interactions between them, that complicates the 
task of having the data disaggregated through all the simulation process.  
 
Figure 1. Gantt chart containing the deterministic time and cost information [MS Project TM] 
 
707 Sergio Sebastián Rodríguez /  Procedia Technology  9 ( 2013 )  705 – 711 
It is going to be studied an example based in a real project, the deployment of a radio base station of a 
telecommunications company. In the next figure we represent the project’s tasks schedule, along with the cost 
of each task (according to the time in/dependant resources of each), driven by explicit time and cost risk factors 
[7] (based on the risk driver method) to be modeled as close to reality as possible. 
The results obtained for the project’s total duration and cost are shown below. These results show the most 
basic information given by the simulator, as it also specifies output data such as the probability density and 
cumulative distribution functions (PDF and CDF), cash flows, sensibility analysis, critical indexes, correlations 
and more; but they are not strictly needed for the purpose. 
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Figure 2. Results of the completion date 
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Figure 3. Results of the total cost 
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Figure 4. Results of the average cash flow per month 
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As shown above, figures 2 and 3 emphasize two metrics, the deterministic value and the P80 confidence 
level, which shows us how important is to consider uncertainty in our predictions. Apparently, we should not 
doubt about the quality of the results, considering that the simulation data supplied to the simulator has enough 
accuracy. But how much a PM should rely on this forecast? Even if we consider a conservative confidence 
level for the results such as P80, we may be incurring not only in an underestimation of the risks, but also in a 
misunderstanding of what possible situations can be encountered in the project execution [8]. Where is this 
misunderstanding coming from, if a MC simulator with a robust model and accurate input information is all 
what a PM could desire for forecasting? The reason for this is that every result must be put into context. 
Following this reasoning it is understandable that MC simulation contexts would be as wide as the proper 
project feasible roadmaps. This means that not necessarily always a PM should put in doubt the results given 
by the MC simulations, as long as it is not needed. What kind of context should require from the PM a deeper 
analysis of the given results? The desired answer for this would be a clearly defined set of conditions, but as 
said before, this is far away from being a bounded criterion, but there are some conditions that should make PM 
demand a further analysis of the information generated by the MC simulation [9]. 
To identify these situations, first we need to consider the possible simulation inputs that include the 
simulation model for a project. Typically these inputs are the tasks durations and costs PDF, schedule, duration 
and cost risks, conditional and probabilistic events, and time and cost constraints, whose existence or 
randomness could create the commented conditions. The inputs that could lead to require a deeper results 
analysis are: parallel paths in the schedule layout, that can cause uncertainty in the tasks finalization sequence 
or critical paths; schedule branching triggered by conditional events that manifest time and cost constraints, 
which could mean the execution of contingency plan; and probabilistic events, that model project events such 
as the success or fail of an acceptance test. This inputs, if they exist and are considered in the model when 
running a MC simulation of the project to be studied, can hide critical situations in global results like those 
shown in figures 2, 3 and 4; while they should be presented and analyzed specifically. 
To illustrate this circumstance, consider a project that has a time constraint that would require a delay for the 
start of a particular task if its predecessor exceeds a determined date. Consider also that the delay required is 
considerable compared to the total project duration. The next figure shows the possible results: 
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Figure 5. Project with two scenarios easily to distinguish in the PDF of the global completion date results 
As shown above, the PDF of the project’s total duration exhibits two well differentiated modes, which 
should be interpreted as the two possible scenarios able to come about in the project. These scenarios are 
highlighted with an orange contour line for the one that represents no delay in the execution, and the green 
contour line which represents the one where the time constraint forces to delay the beginning of a particular 
task, postponing the completion of the project. Even if the scenarios where not highlighted, there would 
probably not be any problems interpreting the results, as the key input that creates two differentiated scenarios 
28-Jan-13’ 
18-Dec-12’ 
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is told to be considerable with respect to the project’s total duration, which translate into an clear difference 
between the possible modes for the completion date, and therefore not requiring excessive data mining to 
interpret correctly the results given. How often these situations occur in a project, where critical circumstances 
are clearly interpretable within the whole bunch of results that MC simulation is able to offer? Indeed very 
occasionally, and inversely proportional to the complexity of the project simulated. This means that in order to 
develop a useful MC project simulator is vital to consider enough functionality that will alert and allow 
analyzing the global results to a deeper level whenever it is found to be necessary [10]. 
This functionality has been developed for the research simulator, and in the following block it is going to be 
tested to see how it can make PM reach a higher level of understanding in the required simulations. 
3. Putting into practice the extended MC data mining 
Once we have laid the foundations, the project exposed in figure 1 is going to be resumed to see how this 
extended functionality of the simulator can help the PM. As it was told above, considering the context of the 
project studied, the PM may not rely completely in the results given by the global results. As it can be seen, the 
schedule of the project in figure 1 contains elements like parallel paths, and its layout can take us to the need of 
disaggregate the global results into specific scenarios. The existence of parallel paths in the schedule logic does 
not necessarily mean that we should make special emphasis on every possible critical path, as it is not always 
significant which path would delay the merge point milestone, but as our simulated project model contains a 
large amount of parameters that affect the model elements dynamically, we should ensure that this do not lead 
to significant circumstances to consider in our project forecast.  
The schedule layout in figure 1 can have four possible critical paths, and therefore the data mining of the 
simulation results is going to give specific data for each one, so that the PM can guarantee that the project 
planning can be adjusted to the occurrence of any of those possible critical paths, if needed. 
The following figure will show each scenario’s time, cost, and cash flow results: 
 
16-May-2013 08-Jun-201322-Jun-2013
  P-0
 P-10
 P-20
 P-30
 P-40
 P-50
 P-60
 P-70
 P-80
 P-90
P-100
PDF of completion date
C
um
ul
at
iv
e 
pr
ob
ab
ili
ty
Completion date
4 4.5 5 5.5
x 10
4
  P-0
 P-10
 P-20
 P-30
 P-40
 P-50
 P-60
 P-70
 P-80
 P-90
P-100
PDF of total cost
C
um
ul
at
iv
e 
pr
ob
ab
ili
ty
Total cost(€)
0
0.5
1
1.5
2
2.5
3
3.5
4
4.5
5
x 10
4
To
ta
l c
os
ts
/M
on
th
 (€
)
Cash flows
Ja
n1
3
Fe
b1
3
M
ar
13
Ap
r1
3
M
ay
13
Ju
n1
3
Ju
l1
3
Au
g1
3
Average
Deterministic
Average cumulative
16-May-2013 03-Jun-201314-Jun-2013
  P-0
 P-10
 P-20
 P-30
 P-40
 P-50
 P-60
 P-70
 P-80
 P-90
P-100
PDF of completion date
C
um
ul
at
iv
e 
pr
ob
ab
ili
ty
Completion date
4 4.5 5 5.5
x 10
4
  P-0
 P-10
 P-20
 P-30
 P-40
 P-50
 P-60
 P-70
 P-80
 P-90
P-100
PDF of total cost
C
um
ul
at
iv
e 
pr
ob
ab
ili
ty
Total cost(€)
0
0.5
1
1.5
2
2.5
3
3.5
4
4.5
5
x 10
4
To
ta
l c
os
ts
/M
on
th
 (€
)
Cash flows
Ja
n1
3
Fe
b1
3
M
ar
13
Ap
r1
3
M
ay
13
Ju
n1
3
Ju
l1
3
Average
Deterministic
Average cumulative
      
        
23-May-2013 13-Jun-2013 03-Jul-2013
  P-0
 P-10
 P-20
 P-30
 P-40
 P-50
 P-60
 P-70
 P-80
 P-90
P-100
PDF of completion date
C
um
ul
at
iv
e 
pr
ob
ab
ili
ty
Completion date
4.5 5 5.5
x 10
4
  P-0
 P-10
 P-20
 P-30
 P-40
 P-50
 P-60
 P-70
 P-80
 P-90
P-100
PDF of total cost
C
um
ul
at
iv
e 
pr
ob
ab
ili
ty
Total cost(€)
0
0.5
1
1.5
2
2.5
3
3.5
4
4.5
5
x 10
4
To
ta
l c
os
ts
/M
on
th
 (€
)
Cash flows
Ja
n1
3
Fe
b1
3
M
ar
13
Ap
r1
3
M
ay
13
Ju
n1
3
Ju
l1
3
Au
g1
3
Average
Deterministic
Average cumulative
20-May-201322-Jun-2013 07-Aug-2013
  P-0
 P-10
 P-20
 P-30
 P-40
 P-50
 P-60
 P-70
 P-80
 P-90
P-100
PDF of completion date
C
um
ul
at
iv
e 
pr
ob
ab
ili
ty
Completion date
5 6 7
x 10
4
  P-0
 P-10
 P-20
 P-30
 P-40
 P-50
 P-60
 P-70
 P-80
 P-90
P-100
PDF of total cost
C
um
ul
at
iv
e 
pr
ob
ab
ili
ty
Total cost(€)
0
1
2
3
4
5
6
x 10
4
To
ta
l c
os
ts
/M
on
th
 (€
)
Cash flows
Ja
n1
3
Fe
b1
3
M
ar
13
Ap
r1
3
M
ay
13
Ju
n1
3
Ju
l1
3
Au
g1
3
Average
Deterministic
Average cumulative
 
 
1º Scenario 2º Scenario 
3º Scenario 4º Scenario 
9-Jun-13’ 47440€ 
13-Jun-13’ 49612€ 
3-Jun-13’ 48296€ 
22-Jun-13’ 53425€ 
710   Sergio Sebastián Rodríguez /  Procedia Technology  9 ( 2013 )  705 – 711 
Figure 6. Results (date of completion, total cost and cash flow) obtained for the four scenarios of the project simulated 
According to critical paths, the first scenario in figure 6 represents the one that has in its tasks the Economic 
feasibility study, the Request for quotation (RFQ), and the Shopping department validation as critical for the 
first parallel path (or merge point of the schedule), and the task of Equipment supply being critical for the 
second parallel path. The second scenario has the same critical path for the first merge point, but has the tasks 
of Site Survey, Civil works and Equipment installation being critical for the second merge point. The third and 
fourth scenarios have the task of Site acquisition as critical for the first merge point. The third scenario has the 
same critical path for the second merge point as the first scenario, while the fourth shares the critical path of the 
second merge point with the second scenario described. 
At first sight, it can be seen that although there are a few similar results for the cost metric, there is a 
reasonable difference between the four possible scenarios present in the project if we take into account all the 
metrics (time, cost and cash flow) that completely define them. 
The results show that the first scenario raises a distribution of the cash flow, and therefore of the execution 
of the tasks, different from the global results of figure 4, as well as determining an earlier completion date, and 
a reduction of the project’s budget of around a 10%. The results for the second scenario show also a smaller 
budget needed (not as much as the first), but particularly throws the earliest completion date of all the possible 
ones, with more than two weeks of difference with respect to the global results; and a cash flow arranged 
similarly as the deterministic estimate. The third scenario determines a smaller budget as the previous two, with 
a later estimate of the completion date (but earlier compared to the global results), but agrees with the global 
cash flow shown in figure 4. Finally, the fourth scenario would be the one that would alert a PM when 
analyzing these results, mainly because all the metrics raised are the least desirable compared to the other 
scenarios, but also to the global results, which means that only relying on figures 2 and 3 results could lead to 
an underestimation of the risks and uncertainties. Besides a larger budget needed, it is important to take a look 
to the foreseeable cash flow, which describes an considerable expenditure in the month of June, something that 
should be taken into account from the corporative perspective, as this kind of situations must be considered in 
the financial forecast in order to have enough capital available for all the current projects taking place, as well 
as other concerns such as fiscal issues or any kind of planned investments. 
Shall we expect such a difference in our project scenarios when there are situations like various possibilities 
for the critical path? Not necessarily, the reason for this notorious difference between the scenarios remains in 
the inputs that define the project. It is possible for us to reckon quite easily the date of completion having the 
information of the PDF of each task and the schedule logic, but, what we don’t take into account is that the 
dynamism of the MC simulation lead to the interaction of various model parameters that, in a specific critical 
path can drive the project’s results away from the global estimates. Indeed, that is what exactly occurred for the 
fourth scenario, due to its nature the critical path that it describes forces certain parameters to be driven to 
values that result in such results. In this case, the longer duration of the tasks of Site Survey, Civil works and 
Equipment installation implicitly mean that the existing risk of Requirements variation is especially high and 
active, and as it jeopardize a wide range of tasks of the project, it will increase all of those tasks durations, and 
therefore a wide range of time dependant resources, raising the total cost and duration of the project. 
After the previous analysis, the PM has very precise information of the possible situations that may occur, 
designing specific planning strategies like contingency plans that can make the difference to achieve the project 
success. It should be noted that these results shown are just a part of the information that the simulator 
developed offers, and should be complemented with the sensibility analysis, correlation results, risk 
prioritization algorithms, critical indexes or resource allocation, among others; all of them specific for each 
scenario. In the example, a PM would probably desire to adjust the roadmap as much as possible to the second 
scenario, which represents one of the best time-cost metrics. It is important to keep in mind that just making 
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efforts for executing a project through a determinate critical path would be far from ensuring a proper planning; 
this tool offers just a useful hint for such a complicated labor like project management is. 
4. Conclusions 
As it has been stated, although project management MC simulators have a great potential for estimating 
projects forecast, they should be complemented with additional functionality in order to obtain the maximum 
advantage from them. The examples exposed show that global results may incur not only in underestimation, 
but also in a misunderstanding of the forthcoming events, as most times these are results made up of various 
scenarios. Also, the PM should have the enough criterion to decide when project inputs lead to situations that 
would be useful to analyze specifically, selecting the appropriate data mining parameters in the simulator. As 
an extended part of the research, is being developed a full automated decision process that delivers these 
specific results whenever required, based in inputs and simulation results, define by customizable thresholds. 
From the point of view of the software development, the simulator modules and internal processes must be 
orientated to treat separately the information demanded by the PMs. This is a delicate issue, as the existence of 
any king of input, and the possible interactions between them, should be considered explicitly in the simulator 
data model, processing, and results evaluation modules.  
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